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Abstract 
An experimental teaching system of digital signal processing was designed based on GUI with MATLAB, the 
experimental system has friendly interface and the operation is simple, some basic concepts and theories of the course 
can be represented by figures or curves, the basic principles and analytic methods of digital signal processing are 
understood much easier. It achieved the good result in practical teaching. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
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1. Introduction 
Digital signal processing is a higher theoretical course. In the practical teaching process, teachers are 
generally more focus on the important basic concepts and theories to explain the derivation of the 
algorithm, which students feel difficult to understand and accept. Experiments help students understand 
the curriculum, and put some abstract theory concrete. The students can analyze and look at problems 
with an intuitional point of view. Therefore, how to establish a good experimental system is critical to 
student learning [1-2]. 
MATLAB as a full-featured scientific computing software provides powerful graphical user interface 
(GUI) function. The so-called GUI that is the user window consists of the window, icon, menu, the mouse 
pointer, and many other elements, users can is easy to realize some specific functions through clicking or 
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selecting these elements [3-5]. In this paper, MATLAB as a development platform, an experimental 
teaching system for digital signal processing based on GUI was exploited and designed, this system uses 
interactive graphics interface, not only for experimental teaching can also be used to assist in theory 
teaching, which possess visualization, easy operation and reliable. Practical applications show that at a 
certain extent the experimental system improves the effectiveness of teaching. 
2. Design steps of experimental teaching system 
In order to achieve the experiment teaching system, it mainly includes the following steps: 
• To determine the experimental projects and content of digital signal processing. 
• To design the static experimental interface with GUIDE tool, including the various projects and the 
layout of the controls. First, we designed the boot interface of whole experimental system, and then 
made the main-interface of each experiment and various sub-interface of specific experiments in 
digital signal processing course, at the meantime, define the functions of each control. 
• To develop each specific teaching experiment by using MATLAB programming. 
• To write callback functions of the GUI controls to achieve dynamic functions. The data input and 
output can be controlled through directly clicking each control of the interface, and the data and 
graphics of experimental results can be easily read and analyzed also. 
• To debug the overall system and further improve its function. 
3. Implementation of Experimental Teaching System 
3.1. Overall design of the experimental system 
System architecture of the experimental system was shown in Fig. 1. Man-machine interface includes 
the main-interface of experimental system, the interfaces of each experiment project and the sub-
interfaces of achieving specific experiment operations. 
Fig. 1. System architecture 
If students want to enter the experimental system, they first need to login through the main-interface 
shown in Fig. 2. The system designed a total of four experimental projects combining the actual teaching. 
By using the system, students not only can understand the purpose of experiment, experimental principles, 
experimental procedures, experimental content and the corresponding experimental conclusions, but they 
can also see the graphical results when clicking on the corresponding control. In this paper, experiment 4 
as an example to explain. 
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Fig. 2. The main-interface of experimental system  
3.2. Concrete realization of the experimental system 
The users click on an experimental project in the main-interface of experimental system, the GUI 
interface of this experiment will be opened. For example, clicking on the experiment 4, we will be able to 
enter the FIR digital filter design experiment, experimental interface was shown in Fig. 3.  
Fig. 3. GUI of experimental 4                                                           Fig. 4. Experiment 4-1 
To achieve the specific function of each control, the user must program callback procedure of the 
control. Right-click the controls of GUI design panel and clicking View Callbacks option in the pop-up 
menu, the user may choose a way to activate the callback procedures. For example, Callback tag means to 
activate callback procedure and complete certain functions, open the MATLAB to generate m-files 
automatically, and the system will automatically generate the following statements: function Tag_name 
Callback (hObject, eventdata, handles), which Tag_name is the control object's Tag property value, the 
user can write callback procedure of the current control after the statement. After callback function was 
edited, the user can click on Run option of Tools menu to run the program and observe the final result. 
Experiment 4 includes 3 sub-experiments: the characteristics of linear-phase FIR digital filter, window 
function and its spectrum and using window function design FIR digital filter. The user can choose each 
sub-test item by clicking the Pop-up Menu. 
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3.2.1. Tthe characteristics of linear-phase FIR digital filter 
As FIR digital filter is all-zero system, its impulse response is finite-duration and easy to achieve some 
sort of symmetry, which obtain linear-phase [6]. Experiment 4-1 GUI was shown in Fig. 4. There are two 
Pop-up Menu controls in GUI of experiment 4-1, where the users can choose the types of h(n) and N. We 
placed an Edit Text control under Pop-up Menu control, users can enter their own unit impulse sequence 
h(n). When users click one of four Push Button controls of drawing category, the corresponding 
experimental result will be displayed in four Axes control. For example, h(n) was even symmetry, N was 
odd, unit impulse response h(n)=[-4,2,-1,-2,5,6,5,-2,-1,2,-4], the experimental results were shown in Fig.4. 
3.2.2. Window function and its Spectrum 
Impulse response hd(n) of ideal filter Hd(ejω) is generally infinite-duration and non-causal, it can not 
directly as the impulse response of FIR digital filter. To obtain a causal finite-duration impulse response 
h(n), the most direct method is to cut hd(n), that is, hd(n) is truncated to finite-duration causal sequence 
h(n), the general approach is to adopt window function, h(n)= hd(n)w(n), in which w(n) is window 
function [7]. 
Experiments 4-2 was shown in Fig. 5, in the Pop-up Menu controls of the interface, the user can 
choose five commonly used window function, that is, rectangular window, Bartlett window (also known 
as triangular window), Hanning window, Hamming window and Blackman window. The users can be 
free to enter the window length N, when clicking the drawing button, the corresponding time-domain 
waveform and normalized logarithmic amplitude-frequency characteristic curve of window function will 
be displayed in two Axes controls. For example, window function was selected Blackman window, 
window length N=23, the resulting waveforms were shown in Fig. 5. 
Fig. 5. Experiment 4-2                                                                          Fig. 6. Experimental 4-3 
3.2.3. Window Design Techniques 
Experiment 4-3 is the main part of Experiment 4, through the experiment students should grasp the 
main: (1) The specific steps of FIR filter design using window function; (2) How to choose a reasonable 
window function according to the given specifications; (3) The relations of window functions and filter 
performance.  
The interface of experiment 4-3 was shown in Fig. 6, the users can choose filter type from three Pop-
up Menu controls in the control panel, respectively: digital low-pass, digital high-pass, digital band-pass 
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and digital high-pass, window function type: rectangular window, Bartlett window, Hanning window, 
Hamming window and Blackman window, and response type: ideal impulse response hd(n), time-domain 
waveform of window function w(n), impulse response h(n) and normalized logarithmic amplitude-
frequency characteristic curve. For example, to design a digital low-pass filter, passband cutoff frequency 
ωp=0.2π, stopband cutoff frequency ωr=0.4π, stopband minimum attenuation is allowed to 50dB, since 
Hamming window and Blackman window provide greater than 50dB attenuation, Hamming window was 
selected, which provides a smaller transition zone, and has a smaller order number N. When clicking the 
drawing Push button, the result was shown in Fig. 6, order number N=34 was displayed in MATLAB 
command window.  
FIR filter design is very abstract concept for students, after the experimental system integrated into the 
classroom, teachers can immediately design a digital filter according to practical requirements, in addition, 
design parameters can also be modified freely. Students may observe the changes of the filter with the 
changes in technical specifications, and the relations of window functions and filter performance and so 
on. 
4. Conclusion 
MATLAB GUI design tool is development environment, which can quickly produce a variety of 
graphical objects, and it can help users easily design all kinds of man-machine interface. In this paper, an 
experimental teaching system for digital signal processing based on GUI was designed. The system is 
friendly interface and convenient to operate, which some emphasis and difficulty of digital signal 
processing course were displayed with text, graphics and other forms, it is easy to understand some of the 
basic principles and methods of signal processing theory. The system not only enhances the efficiency of 
teaching, but also it can help to further improve the quality of teaching. 
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